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English translation of JP-A-59-996 

Title of the Invention 

Substrate connecting structure 

Scope of the Claim for Patent 

1. A substrate connecting structure in which a 
plurality of electrode terminals on one side arranged on 
the main surface of one substrate and a plurality of 
electrode terminals on the other hand arranged on the main 
surface of another substrate having a heat expansion 
coefficient larger than that of the one substrate are 
connected by way of metal materials so as to correspond 
respectively, wherein a relay substrate having a heat 
expansion coefficient larger than the heat expansion 
coefficient of the one substrate and smaller than the heat 
expansion coefficient of another substrate is disposed 
between the one substrate and another substrate, and the 
electrode terminals on one side and the electrode 
terminals on another side connected by way of a plurality 
of through holes formed in the relay substrate. 

2. A substrate connecting structure according to claim 
1, wherein the surface area of the relay substrate is 
larger than the surface area of the one substrate. 

3. A substrate connecting structure according to claim 
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1 or 2, wherein the substrate on one the side is an Si tip 
and the substrate on another substrate is a multi-layered 
printed substrate, and the relay substrate is an A1 2 0 3 
substrate. 

4. A substrate connecting structure according to claim 
1 or 2, wherein the one substrate is an Si tip, another 
substrate is an A1 2 0 3 substrate and the relay substrate is 
an SiC substrate. 
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Detailed Description of the Invention 

The present invention concerns a substrate 
connecting structure and, particularly, it relates to a 
substrate connecting structure suitable for high density 
and high reliability. 

As existent high density multi-tip mounting, there 
has been known a CCB method, for example, as shown in JP-B 
No. 43-28735 in which electrodes formed in plurality to an 
Si tip and terminal portions of a circuit substrate on one 
side for supporting the same are joined directly by 
soldering. The problem of this mounting method is that a 
thermal strain attributable to the difference of the heat 
expansion coefficient is caused between the Si tip and the 
support and since the thermal strain is moderated by the 
solder at the connection portion, the solder gradually 
suffers from fatigue leading to rapture. Accordingly, a 
circuit substrate having a heat expansion coefficient 
greatly different from that of an Si tip can not be used 
since the solder easily suffer from thermal fatigue. 

Fig. 1(a) and (b) show an existent example, in which 
are shown an Si tip 1, a solder bump 2, an A1 2 0 3 multi- 
layered plate 3, a W paste conductor 4 for the inner layer 
of the A1 2 0 3 multi-layered substrate, a surface wiring 
conductor 5 formed by applying Ni plating by 2 to 3 |im to 
the W paste conductor, a through hole conductor 13, a 
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multi-layered printed substrate 18, and a Cu foil lead 6. 
Fig. 1(a) shows a general CCB mounting structure in which 
the Si tip 1 and the Al 2 0 3 multi-layered substrate 3 are 
put to CCB bonding, m view of the difference of the heat 
expansion coefficient between Si and A1 2 0 3 , the inter- 
solver bump distance d at the outermost circumference is 
allowed only up to about 5 mm in order to ensure the life 
for 10 years or more. Further, since only the W or Mo 
paste conductor can be used for the inner wiring conductor 
4 of the A1 2 0 3 multi-layered wiring substrate 3 because it 
has to be baked at a high temperature simultaneously with 
an A1 2 0 3 green sheet, the dielectric constant is as high as 
from 8 to 10, which results in a bar for the high speed 
calculation. On the other hand, in a case of using a 
multi-layered print plate 18 of low dielectric constant 
instead of the A1 2 0 3 multi-layered substrate in Fig. 1(a), 
since the Cu conductor 6 is made of an organic insulative 
layer, the dielectric constant is as low as from 3.5 to 
4.5 , which enables high speed calculation to improve the 
drawback in (a) above. However, since the heat expansion 
coefficient of the multi-layered printed board (glass 
epoxy) is as high as from 10 to 12 x 10" 6 /°C, the 
difference of the heat expansion coefficient relative to 
Si (2.5 x 10" 6 /°C) increases to result in a drawback that 
the solder bump easily suffers from thermal leading to 
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fracture. 

An object of the present invention is to eliminate 
the foregoing drawbacks and to provide a structure capable 
of keeping the mounting density and the reliability as 
usual and moderating thermal strain in a substrate 
structure involving different heat expansion coefficient. 

A feature of the present invention for attaining the 
foregoing purpose is to dispose a relay substrate having 
an intermediate heat expansion coefficient between a pair 
of substrates between both of them thereby connecting 
electrode terminals of the pair of substrate to each other 
by way of through holes in the relay substrate. 

The present invention is to be described 
specifically with reference to the drawings. 
(Example 1) 

Fig. 2 is a chart showing the steps of manufacturing 
an A1 2 0 3 substrate as a. relay substrate. The thickness of 
a sintered relay substrate is 0.5 mm, the diameter of a 
through hole is 150 pm, and the pitch is 250 |om. 

Fig. 3(a), (b) are, respectively, a cross sectional 
view and a plan view in which apertures are formed by 
punching to a green sheet 12. 

Solder bumps are formed each at a 250 jim pitch 
substantially over the entire surface of the Si tip. 
Accordingly, apertures in the green sheet of the relay 
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substrate are formed each at the 250 ym pitch so as to be 
through holes at the instance baked simultaneously. 

A through hole electrode 14 is formed, as shown in 
Fig. 4(a) by forming a Cu conductor 19 by way of a 
photoresist and a chemical plating method to the inner 
wall of a through hole 13 and providing a solder electrode 
41. The solder electrode 41 comprises Pb-5wt%Sn like the 
CCB soldering bump composition for the Si tip 1. The 
through hole conductor 14 may also be formed as shown in 
Fig. 4(b) by filling an Ag, Cu paste 20 by a printing 
method to an already sintered Al 2 0 3 substrate by a printing 
method and then sintering the same at a low temperature 
and applying dip solder plating 42. Since the resistance 
value of the through hole conductor is small, it gives no 
effects on the calculation speed even in a case of 
mounting with the Ag, Cu paste, 

Fig. 5(a) shows a state before connecting each of 
the substrates and Fig. 5(b) shows the state after 
connection in which are shown an Si tip 1, a solder 2 
having a composition of Pb-5wt%Sn, an A1 2 0 3 substrate 15 as 
a relay substrate, a solder 16 comprising a composition of 
Pb-60wt%Sn, a solder resist film 17, and a multi-layered 
printed substrate 18 comprising glass epoxy and Cu foil. 
In this case, the heat expansion coefficient a-Si for the 
Si tip 1 is about 2.5 x 10" 6 / o C, the heat expansion 
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coefficient a-Al 2 0 3 for the A1 2 0 3 substrate 15 is about 7.5 
x 10" 6 /°C and the heat expansion coefficient for the multi- 
layered printed substrate 18 is about 12 x l(r 6 / 0 C. 

At first, after connecting the Pb-5wt%Sn solder bump 
on the Si tip 1 and the A1 2 0 3 substrate 15 by using a rosin 
type flux at a highest temperature of 33°C, the flux is 
cleaned by trichlene and acetone . On the other hand, a 
solder plating (or paste) 16 comprising a Pb-60wt%Sn 
composition is applied of the Cu foil electrode formed at 
a pitch of 250 \m over the surface layer on the multi- 
layered printed substrate 18 into a state kept planar for 
easy bonding, or a gas contained in the solder is released 
by re-melting and, simultaneously, a semi-spherical solder 
16 is formed on the electrode of the substrate. The 
previously joined Si tip 1 and the A1 2 0 3 substrate 15 are 
positioned to the multi-layered printed substrate 18 and 
then connected in a furnace with an atmosphere at 220°C. 
In this case, since the solder (Pb-5wt%Sn) connecting the 
Si tip 1 and the A1 2 0 3 substrate 15 has a melting point of 
about 300°C, it is not melted. 

Fig. 6 shows the inter-bump distance d at the 
outermost circumference for ensuring ten year's life when 
undergoing a thermal hysteresis between the highest 
temperature of 75°C and a room temperature of the Si tip 1 
during operation under the cycle once per day for showing 
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the resistance to thermal fatigue property in this example. 

The thermal fatigue life (Nf) of the solder bump can 
be determined by the following equations. 



, r _< («AZ.0.-d 8 niT ^ 

, r| = dNPfl-^,0 ( )iT, 

It has been known that the thermal fatigue life (Nf) 
of the solder bump is in an inverse proportion to the 
square of shearing strain (y) . As shown in the equations 
(2), (3), the shearing strain (y) is determined depending 
on the inter-bump distance (d) at the outermost 
circumference, the height of the soldering (h) , the 
difference (Aa) of the heat expansion coefficient between 
the substrates to be connected, the shape factor k, etc. 
The shearing strain (y) is given according to the equation 
(2) between the Si tip 1 and the relay substrate 15 and 
according to the equation (3) between the relay substrate 
15 and the multi-layered printed board 18 (PB) . 



Table 1 





10 year's . 
life ensuring 
size d 


Difference of heat expansion 
coefficient 


Si-Al 2 0 3 


5 D 


Aa = a Al 2 0 3 -aSi = 5 x 10" 6 /°C 
(7.5) (2.5) 


AI2O3-PB 


5.5° 


Aa = aPB-a A1 2 0 3 = 4.5 x 10" 6 /°c 
(12) (7.5) 
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Table 1 shows the inter-bump distance (d) at the 
outermost circumference for ensuring the ten year's 
thermal fatigue resistance life of the CCB solder bump in 
a case of using the A1 2 0 3 relay substrate for the multi- 
layered printed substrate (PB) . The size (d) for ensuring 
the ten year's life is 2.5 mm in a case of connecting the 
existent Si tip to the multi-layered printed substrate PB 
by direct CCB connection, which is a structure that can 
not be used for a large-sized tip. 

On the other hand, in this example, since the A1 2 0 3 
substrate 15 having a heat expansion coefficient between 
the Si tip 1 and the multi-printed substrate 18 (aSi < 
aAl 2 0 3 < aPB) is disposed between both of them, the solder 
less undergoes thermal fatigue and the thermal strain is 
moderated by the A1 2 0 3 substrate 15* Accordingly, the 
inter-bump distance at the outermost circumference (d) of 
the Si tip can be increased up to 5 mm as shown in Table 1 
and the size of the Si tip can be increased. 

Further, since the Si tip 1 and the multi-layered 
printed substrate 18 is CCB connected by way of the 
through holes in the A1 2 0 3 substrate 15, the mounting 
density is not lowered. 

Further, since the multi-layered printed substrate 
18 can be increased in view of density more easily 
compared with the case of the A1 2 0 3 substrate and the cost 
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is decreased and, further, since the dielectric constant 
is lower, it is excellent in the calculation speed. 

Further, while the multi-layered printed substrate 
18 is a glass epoxy material in this example, since the 
expansion can be further lowered by incorporating a filler 
such as silica, the safety factor for the thermal fatigue 
life of the solder between the A1 2 0 3 substrate 15 and the 
multi-layered printed substrate 18 is increased. 

Generally, by making the difference of the heat 
expansion coefficient between the relay substrate and the 
multi-layered printed substrate smaller than the 
difference of the heat expansion coefficient between the 
Si tip and the relay substrate, it is designed such that 
the life of the latter is increased. 

Fig. 7 is a cross sectional view of a module formed 
by a combination of a heat sink structure in a case of 
high density mounting according to this example. 

In Fig. 7(a), are shown a mounting frame 6, a water 
cooled attaching frame 7, cooling water 8, He gas 9, a 
solder sealing portion 10, output pins 11 of a multi- 
layered printed board substrate 18, liquid metal 22, 
bellows 23, a heat sink 24, and an attaching bolt 25, in 
which identical reference numerals with those in Fig. 5 
denote corresponding identical or corresponding components. 

Most of the heat generated in the Si tip 1 is 
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transmitted by way of the bellows 23 including the liquid 
metal 22 to the heat sink 24 in contact with the water 
cooled surface. A portion of the heat is transmitted by 
way of the CCB solder bump 2 to the A1 2 0 3 substrate 15 and 
dissipated. The multi-layered printed substrate 18 is 
soldered with the output pins 11 for insertion into a 
connector. As shown in Fig. 7(b), a structure in which a 
pin fixing frame 26 is disposed and secured by soldering 
27 to the terminals of the multi-layered printed substrate 
is also possible for the pin structure. 

The He gas 9 which is inert and excellent in the 
heat conductivity is sealed in the inside. The spring 
force of the bellows 23 is designed to such an extent that 
the solder can deform with a force not creeping by a 
compressive force. 

In Fig. 8, for comparing the heat resistance between 
a case of using the A1 2 0 3 substrate 15 having a size (A f ) 
identical with that of the Si tip 1 and the size (A) 
larger than that of the Si tip 1, a temperature is 
measured along the central portion (0 - 0'), and it can be 
seen that increase of the size of the A1 2 0 3 substrate 15 as 
a relay substrate increases the surface area of the relay 
substrate to provide an excellent effect for the heat 
dissipation property. 

That is, the thermal strain can be moderated more by 
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increasing the surface layer of the A1 2 0 3 substrate to 
larger than the surface area of the Si tip. 
(Example 2) 

In this example, as shown in Fig. 9, in a case of 
connecting a plurality of electrode terminals arranged on 
the main surface of the Si tip 1 (aSi = 2.5 x KT 6 / 0 C) and 
a plurality of electrode terminals arranged on the main 
surface of the A1 2 0 3 substrate 150 (oAl 2 0 3 ~ 7.5 x 10" 6 /°C) 
by soldering, an SiC substrate 200 having a heat expansion 
coefficient between the Si tip 1 and the A1 2 0 3 substrate 

150 (aSiC s 4 x 10" 6 / o C) is disposed as the relay substrate 
between both of them. 

. While the inter-solder bump distance at the 
outermost circumference of the Si tip was up to 5 mm at 
the maximum in order to ensure the ten year's life in the 
existent example of connecting the Si tip 1 and the A1 2 0 3 
multi-layered substrate by direct CCB as shown in Fig. 1, 
whereas since the thermal strain is moderated by the SiC 
substrate 200 in this example, d can be up to 7 mm as 
shown in Table 2 and the size of Si tip can be further 
increased. 
Table 2 





10 year f s life 
ensuring size d 


Difference of heat expansion 
coefficient 


Si-SiC 


16.5° 


Aa = aSiC - a Si = 1.5 x 10" 6 /°c 
(4) (2.5) 


SiC-Al 2 0 3 


7 o 


Aa - a A1 2 0 3 - aSiC = 3.5 x 10~ 6 /°C 
(7.5) (4) 
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In a case of using a substrate incorporated with 
glass in mullite (3A1 2 0 3 • 2Si0 2 ) (heat expansion 
coefficient : 5.0 x 1(T 6 / 0 C) as the relay substrate having 
the heat expansion coefficient substantially equal with 
that of the SiC substrate d can be increased up to 10 mm. 
(Example 3) 

While the glass-epoxy materials are general as the 
material for the multi-layered printed substrate, various 
kinds of combinations having low expansion rate, for 
example, Kevlar cloth, Kevlar • glass cloth with epoxy 
resin, polyimide resin, etc are possible. The heat 
expansion coefficient of the epoxy resin multi-layered 
printed substrate of Kevlar • glass cloth is as low as 8 x 
10" 6 /°C, and high calculation speed and mounting of large 
size CCB are possible by using SIC (aSiC = 4 x 10 _6 /°C) or 
mullite • glass substrate (a-mullite = 5 x 10" 6 /°C) as the 
relay substrate. 

As has been described above according to the present 
invention, a substrate connecting structure capable of 
moderating the thermal strain between the substrates can 
be obtained. 
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Brief Description of the Drawings 

Fig. 1 is a cross sectional view showing an existent 
substrate connecting structure, Fig. 2 is a view showing 
the steps of manufacturing an A1 2 0 3 substrate used in the 
first example of the invention, Fig. 3 shows a cross 
sectional view and a plan view of a green sheet for an 
A1 2 0 3 substrate used in the first example of the invention, 
Fig. 4 is an enlarged cross sectional view for a through 
hole in the A1 2 0 3 substrate used in the first example of 
the invention, Fig. 5 is a cross sectional view showing 
the first example of the invention, Fig. 6 is a view 
explaining the effect of the first example of the 
invention, Fig. 7 is a cross sectional view for a module 
using the first example of the invention, Fig. 8 is a view 
explaining the effect of the first example of the 
invention, and Fig. 9 is a view showing a second example 
of the invention. 
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